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THE VAEIOUS FOEMS of leukemia and
lymphoma are generally considered pro¬

gressive and uniformly fatal. It may there¬
fore be expected that, in any given population,
incidence rates for these diseases will be close
to the corresponding mortality rates. How¬
ever, as shown by Shimkin (1) and others, this
is not generally true. Table 1 shows the inci¬
dence rates for leukemia and lymphoma re¬

ported by two large-scale cancer surveys and
one cancer register and compares them with
mortality rates reported in the same areas and
for the same years. All three incidence rates
for leukemia and two of the three rates for
lymphoma were substantially higher than the
corresponding mortality rates.
An incidence-mortality ratio of, for example,

1.50 (equivalent to a mortality-incidence ratio
of 0.67) seems to imply that one-third of the
patients reported to have leukemia or lymph¬
oma are not dying of these diseases. This is
not necessarily true. For chronic disease regis¬
ters receiving both case reports and death
certificates, there are several ways in which a

person could be included in incidence data for
any given disease but could be omitted from the
corresponding mortality data, or vice versa.

1. Factors that might inflate the incidence-
mortality ratio:
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(a) Some patients may be cured of the dis¬
ease. This does not apply to patients with
leukemia or lymphoma.

(&) Death may be due to a concomitant but
unrelated cause.

(c) The physician attending a patient with
the disease in question may incorrectly attrib¬
ute death to some other cause.

(d) The diagnosis of the disease may be
changed after the case is reported, but the pa¬
tient may not be omitted from subsequent regis¬
try tabulations.
2. Factors that might deflate the incidence-
mortality ratio:
The central registry may have data showing

the death certificate to be incorrect in attribut-
ing death to the disease under study.
3. Factors that might operate in either
direction:

(a) The decedent may have moved into or

out of the study population between the time
of diagnosis and death.

(&) There may be errors in abstracting,
coding, or processing the data.

(c) The registration system and the vital
statistics system may use incompatible defini¬
tions in classifying various diseases, such as

leukemia or lymphoma.
In the absence of any of these factors there

may still be differences between incidence and
mortality rates because of changes in the fre¬
quency or distribution of the disease, or changes
in the size or composition of the population.
These differences arise because incidence and
mortality rates for any given time period refer,
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in general, to two different groups of patients,
since there is often an interval of one to several
years between diagnosis and death. Oiie may
expect the average effect of random variations
in numbers of cases or numbers of deaths to be
small, but when there are rapid changes, real
or spurious, in the incidence of newly diagnosed
cases, as there are for both lymphoma and
leukemia, or when there are changes in the
population, observed changes in mortality rates
may lag several years behind the corresponding
changes in incidence rates. Similar considera¬
tions account for the fact that in the United
States the birth rate is approximately 2.5 times
as great as the death rate, although each person
must eventually die. The introduction of new
therapeutic methods which prolong life, even

though they do not improve ultimate survival
rates, may also change the ratio of incidence
rates to mortality rates by causing a temporary
decrease in numbers of deaths.
By comparing original registry or survey re¬

ports for cancer patients with death certificates
for the same individuals, it is possible to elimi¬
nate the effect of. changes in the population or

in the occurrence of the disease and to examine
and evaluate directly many of the other sources

of difference between incidence and mortality
data. Such a comparison has been made for
1,653 patients reported to the Connecticut Tu¬
mor Eegistry as having leukemia or lymphoma.
The cases studied include all Connecticut resi¬
dents reported to the registry as having an

Table 1. Comparison of incidence and mor¬

tality rates1 for leukemia and lymphoma

1 Per million population.
Source: References 1-4.

original diagnosis of leukemia or lymphoma
made in the time period 1939-41 or 1949-51.
The registry receives reports on neoplasms from
nearly all Connecticut hospitals and, in addi¬
tion, is sent copies of all death certificates for
State residents which mention malignant
neoplasms. Because of this reporting system,
all cases included in the official mortality tabu¬
lations for Connecticut should be reported to the
registry, although they are omitted from the
registry tabulations if they do not meet all the
criteria for inclusion. Cases reported to the
registry by death certificate only are included or

excluded by the same criteria as those that are

reported by hospitals.
Of the original group of patients, 1,523 (92.1

percent) are known to have died. For all but
six of these patients, copies or abstracts of the
death certificates were obtained. Most of these
included the code rubrics under which the
deaths were tabulated in official mortality pub¬
lications. For cases for which the code rubics
were not included, the death certificates were

divided into four groups according to the re¬

ported cause of death: those attributed to
leukemia, to lymphoma, to other malignant
neoplasms, or to nonmalignant diseases. Al¬
though detailed coding of cause of death is
recognized as a difficult procedure requiring
considerable training and experience, it was

thought that this four-way classification could
be made without serious error.

Table 2 compares the original cancer registry
reports with the subsequent death certificates
or other followup data for the cases studied.
Of the original group, 103 patients were still
living at the time of the most recent followup
report, 1,523 patients were followed until death,
and 27 had been reported to the registry by
error. The magnitude of over-registration may
be greater than is indicated by the small number
of cases labeled "duplicate records," since
this line shows only those cases for whom both
reports gave a date of diagnosis within one of
the time periods studied.
There was some shifting of cases from leu¬

kemia in the registry tabulations to lymphoma
in the official mortality classifications and vice
versa. Part of this shifting was due to the
well-known changes in pathological character¬
istics of leukemia and lymphoma as they pro-
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gress from early to late stages and part is due
to differences between coding practices in the
Connecticut Tumor Eegistry and practices
specified for use in vital statistics offices
(Fourth, Fifth, and Sixth Eevisions of the
Manual of the International List of Causes of
Death). These coding differences are ex¬

plained in the footnotes to table 2.
The 240 death certificates coded to diseases

other than lymphoma or leukemia (table 2)
are of particular interest here. Death certifi¬
cates for 130 of these cases mentioned one of
the two neoplasms studied, but under the coding
rules in force at the time of death, the deaths

were assigned to some other category. These
cases are significant in showing that the cer-

tifying physician was aware of the presence of
leukemia or lymphoma but thought that death
was due to some other cause. Of the remaining
110 death certificates (last 2 lines in table 2),
60 were coded to some form of cancer. Seven
of these were coded to unspecified sites, 1 was

coded "secondary or unspecified malignant
neoplasm of lymph nodes," and the remaining
52 were coded to 18 specific primary sites. Ee-
view of the registry records shows that many
of these patients probably died of leukemia or

lymphoma, but that the physician giving the

Table 2. Coded cause of death for patients reported to have leukemia or lymphoma, Connecticut,
1939-41 and 1949-51

1 As coded by Connecticut Tumor Registry. Includes cases reported only by death certificate. Excludes
localized lymphomas coded by the Connecticut Tumor Registry to specific sites.55 cases in 1939-41, and 56 cases
in 1949-51.

2 91 patients known to have been living in 1957 or later; 12 patients lost for periods of 2 to 18 years.
3 In all years multiple myeloma and plasma cell myeloma were coded as leukemia by the Connecticut Tumor

Registry and as lymphoma by the bureau of vital statistics, Connecticut State Department of Health.
410 deaths specified as due to Hodgkins' disease; in 1939 deaths from this cause were coded as leukemia.
517 deaths were due to Hodgkins* disease (see footnote 3).
6 In 1940-48 deaths from Hodgkins' disease were coded with a residual category of infectious diseases; in 1939-

48 deaths from all lymphomas except Hodgkins' disease were coded with a residual category of malignant neoplasms.
All deaths coded to either of these residual categories, regardless of the specific cause of death, are included here as

lymphoma.
7 72 deaths were due to Hodgkins1 disease (see footnote 3).
8 Includes all deaths coded to malignant neoplasms of any site other than leukemia or lymphoma. Deaths

coded as benign neoplasms or as neoplasms of unspecified malignancy are included under "not coded to cancer."
9 By coding rules in force 1939-48 deaths from lymphomas of any type specified to be limited to a particular

site were coded with other neoplasms of that site rather than with generalized lymphomas; 16 deaths coded to specific
sites of cancer under this rule.
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cause of death was not fully informed of the
preceding medical history. Some of the 50
deaths not coded to cancer, such as those coded
to pneumonia, hemorrhage or anemia, or sui¬
cide, may also have been related to leukemia or

lymphoma.
By omitting from table 2 all patients who are

still living and those whose death certificates
are not available, one can construct incidence-
mortality ratios for Connecticut which are

roughly comparable to those in table 1 but
which do not reflect the changing frequency
of leukemia and lymphoma. Thus, for the first
time period there would remain 291 reported

leukemia patients to be compared with reported
leukemia deaths among patients with one or

the other of the two diseases studied; there
were 248 such deaths if the usual vital sta¬
tistics definitions are used, or 255 if the deaths
are classified by the Tumor Eegistry code (see
footnotes to table 2). Incidence-mortality ra¬

tios calculated in this way are compared with
ratios calculated directly from the published
1951 data in table 3.

It appears from table 3 (first column) that,
when deaths are coded by the vital statistics
definitions the 1949-51 ratios are close to the
ratios calculated directly from published inci-

Table 3. Incidence-mortality ratios calculated from published rates and from death certificates as

coded by the Connecticut bureau of vital statistics and the Connecticut Tumor Registry

1 1951 only (from table 1).
2 Case reports coded to the specified disease, regardless of subsequent cause of death.
3 Death certificates coded to specified disease, regardless of original case report.
4 Death certificates which would have been coded to specified cause under Connecticut Tumor Registry rules

regardless of original case report or code rubric assigned by the Connecticut bureau of vital statistics.

1 All deaths coded to causes other than leukemia or lymphoma.

284 Public Health Reports



dence and mortality rates for 1951. There is a

substantial difference between incidence and
mortality for both diseases and in both time
periods when the same definitions are used for
the registration and vital statistics data. How¬
ever, because the published registration and
mortality data are not based on the same

definitions, the difference for leukemia in the
most recent time period is artificially increased,
while the difference for lymphoma is nearly
eliminated.

It is reasonable to expect some age differences
in the proportion of deaths coded to leukemia
or lymphoma, since mortality rates for other
causes of death vary with age. The propor¬
tions of deaths not coded to one or the other
of the two diseases studied are given in table 4.
It seems that increasing age is in fact associated
with an increasing proportion of deaths attrib¬
uted to causes other than leukemia or lym¬
phoma, but even among young patients the
proportion of such deaths is not negligible.
The relative importance of the time lag be¬

tween incidence and mortality rates cannot be
evaluated directly, but it is probably rather
small. For instance, if annual incidence rates
for leukemia are assumed to rise at a constant
proportion of 5 percent per year, if survival
rates are similar to those reported for males

with leukemia (^), and if all patients are as¬

sumed to have died from leukemia, then the
incidence-mortality ratio for any given year
will be about 1.05. This difference does not
depend on whether the observed changes are

real or are artifacts due to changing diagnostic
methods and criteria, so long as the incidence
and mortality data are affected equally.
Table 1 shows that the survey of 10 urban

areas and the Iowa cancer survey each showed
a very large excess of incidence over mortality
for lymphomas, although the excess in Connect¬
icut was trivial. For leukemia the excess was

about the same in the three areas. The reason

for this discrepancy in incidence-mortality
ratios for lymphoma is not clear, but it does not
seem to be related to differences in definitions
of sites as used in the two surveys and in the
corresponding vital statistics publications. For
each survey, data are available (table 5) show¬
ing the number of deaths occurring among reg¬
istered patients during the study year and 6
months thereafter, and the number of deaths
coded to various sites of cancer. In the 10-city
study the Sixth Eevision of the International
List was used in coding primary site by both
case report and cause of death. In the Iowa
survey the Sixth Eevision of the International
List was also used, except that in the incidence

Table 5. Cancer site recorded on case report and on death certificate

Primary cause recorded on
case report

Total
deaths

tabulated x

Primary cause recorded on death certificate 2

Cancer

Leukemia Lymphoma
Other
types

Not cancer

Cancer
noted

Cancer
not

noted

Death
certificate

not
available

10-city survey, 1947-48
Leukemia_
Lymphoma_
Other_

Iowa survey, 1950_
Leukemia_
Lymphoma_
Other_

31, 148
1,105
1,128

28, 915
5,628

313
157

5,158

1,001
975
16
10

281
273

2
6

962
10

842
110
158
11

126
21

25, 595
8

108
25, 479
4,609

5
16

4,588

353
5

16
332
240
13
5

222

1,059
22
33

1,004
150

3
4

143

2,178
85
113

1,980
190

8
4

178

1 Based on cancer cases seen or treated during the study year, with followup through 6 months following the
study year. For the 10-city survey, primary cause of death was coded by the survey staff according to the sixth
revision of the International List. For the Iowa survey coding was done by the division of vital statistics of the
Iowa State Department of Health and verified by the National Office of Vital Statistics.

2 Includes cases reported by death certificate only.
Note: Unpublished data supplied by William Haenszel and Dr. Sidney Cutler, Biometry Branch, National

Cancer Institute, National Institutes of Health, Public Health Service. (See references 2 and 3.)
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data all malignancies of the spleen were coded
with leukemias, and lymphomas reported as
arising in a specific site were coded to that site.
Among patients dying during the study inter-
val and for whom death certificates were avail-
able, the incidence-mortality ratios (table 5)
were:

Incidence Mortality Ratio
10 urban areas,

1947-48:
Leukemia -1, 105 1, 001 1. 10
Lymphoma-1, 128 962 1. 17

Iowa, 1950:
Leukemia -313 281 1. 11
Lymphoma -157 158 . 99

While these ratios might be changed by the
collection of death information over a longer
period of time, by tabulating cause of death
for cases without death certificates, or by re-
stricting the analysis in each area to newly di-
agnosed resident cases rather than all cases seen
or treated during the study year, it is unlikely
that these refinements would reconcile the dif-
ferences between the ratios given here and those
in table 1. These differences remain unex-
plained. It would be interesting to compare
current incidence-mortality ratios with those for
these two surveys, both conducted more than
10 years ago.

Summary and Conclusions
For both leukemia and lymphoma, reported

incidence rates may be substantially higher than

reported mortality rates in the same popula-
tions. These differences seem to be due mainly
to four factors: errors in certifying cause of
death, errors in registration of incidence data,
differences in definitions used in reports on can-
cer incidence and mortality, and deaths that
were in fact not related to lymphoma or leu-
kemia. The use of mortality data as a substi-
tute for incidence data, or the reverse, can lead
to significant errors in estimating the hazards
to health associated with the various forms of
leukemia and lymphoma.
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American Industrial Hygiene Conference
The American Industrial Hygiene Conference will be held May 13-

17, 1962, at the Sheraton-Park Hotel in Washington, D.C. Confer-
ence sponsors are the American Industrial Hygiene Association and
the American Conference of Governmental Industrial Hygienists.
"Ergonomics-The Study of Man at Work" will be the main topic

of a joint session of the two organizations, and "Illumination and
Vision" will be the subject of a general session. The program in-
cludes presentation of 145 papers on air pollution, engineering, toxi-
cology, radiation, respiratory protective devices, industrial medicine,
noise, chemistry, and other subjects.
In addition, 17 refresher courses will be offered by the American

Industrial Hygiene Association on a variety of subjects.
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